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Mountain Plover (Charadrius montanus) 
 The Mountain Plover is an uncommon shorebird that nests in disturbed areas of the 
Great Plains and Great Basin. It is a moderate-sized bird (90-110 g) that is sexually 
monomorphic and drably-colored with a three-egg clutch (Knopf and Wunder 2006). Both 
male and female Mountain Plovers tend individual nests unaided and have similar 
incubation and chick-rearing responsibilities. Males arrive first at the breeding grounds in 
early to mid-April, establish loose territories, and compete for females. The 29-day 
incubation period commences after the last egg is laid and nesting occurs until late July. Our 
study population nests in an approximately 3000 km2 area in southern Phillips County in 
north-central Montana. 
Prolactin 
 The hormone prolactin (PRL) has been linked to a number of physiological and 
behavioral events in birds. Concentrations of PRL co-vary with incubation, brood-rearing, 
and even helping behavior. In species where the female is the sole incubator, females have 
more elevated PRL levels than males (e.g., European Starling, Sturnus vulgaris, Dawson and 
Goldsmith 1982) and the opposite is also true in sex-role reversed species, like the Red-
necked Phalarope (Phalaropus lobatus) where males are the sole incubators, and incubating 
males have significantly higher concentrations of PRL than females (Gratto-Trevor et al. 
1990). 
 Circulating PRL concentrations vary within individuals across the breeding season, 
with plasma PRL concentrations generally peaking during egg-laying and incubation for 
females, and with males exhibiting a similar pattern at this time. In Spotted Sandpipers 
(Actitis macularia), a species with both biparental and male uniparental care, PRL levels 
increase significantly during incubation, but the rise is larger in males (Oring et al. 1986). In 
two species of shorebirds the trend seems to be an increase in PRL levels at the start of 
incubation and a gradual decline throughout the brood-rearing stage, although within species 
and across taxa there is a high degree of variability (Semipalmated Sandpipers, Calidris 
pusilla and Red-necked Phalaropes; Gratto-Trevor et al. 1990). 
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Sample collection 
 We collected plasma samples from plovers during the 2006, 2007, and 2011 breeding 
seasons. The incubating adult was trapped at the nest, which was the only stage we were 
able to capture the birds, and < 1 ml of blood was collected from the ulnar vein within 5 min 
of capture. Birds were individually color banded and feather and blood samples were 
collected for genetic sexing and analysis of circulating hormones. We determined the age of 
the eggs and the onset of incubation using egg floatation and back-dating. To examine 
seasonal changes in hormone concentrations we set the earliest calendar day of nest 
initiation (23 May) as Day 1 and all other initiation dates were then scaled from this point 
and the last day blood was sampled was Day 47 (8 July). Blood samples were kept on ice 
until that evening when the plasma was separated by centrifuge and then frozen at -20 °C. 
The samples from 2006 and 2007 were stored at -80 °C from August of the collection year 
until December 2011 when they were analyzed for PRL. 
Hormone assay 
 Circulating plasma PRL concentrations were determined with a commercial enzyme-
linked immunosorbent assay (ELISA) kit (TSZ ELISA, Framingham, MA 01702, Cat. No. 
CH3956) that uses a 96-well microplate that is pre-coated with purified domestic chicken 
(Gallus gallus domesticus) PRL antibodies. The assay was run according to the kit 
directions, which included diluting plasma samples 1:5 using 10 μl of plasma, incubating, 
washing, and adding enzymes, then reading the absorbance with a microplate reader. A PRL 
standard curve based on chicken PRL ranged from 2.5 to 40 ng/ml (Fig. 1). To test the kit a 
plover plasma sample from 2007 was diluted 1:5 and 1:2 and the estimated PRL 
concentrations were very similar (13.41 ng/ml and 13.90 ng/ml respectively). All other 
samples were analyzed in a single assay. 
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Relationship between sex of incubating adult and hormone concentrations 
• Plasma PRL levels were similar for incubating male and female Mountain Plovers (t67 = 
0.69, P = 0.49). The back-transformed mean circulating plasma PRL concentration for 
incubating female Mountain Plovers was 32.40 ng/ml (n = 33) and ranged from 7.33 to 
78.04 ng/ml. The back-transformed mean for males was 29.36 ng/ml (n = 37) and ranged 
from 5.18 ng/ml to 140.86 ng/ml. 
Relationships between hormone concentrations and time 
• There was no effect of year of sample on circulating PRL (F2,74 = 0.45, P = 0.64). 
• Concentrations of circulating PRL did not change throughout the incubation period for 
either incubating female plovers (b = 0.003, P = 0.83) or male plovers (b = 0.016, P = 
0.28). Day of incubation did not explain a significant proportion of the variance in PRL 
concentration for either sex (Fig. 2, R2 = 0.002 and 0.034 respectively). 
• There was no relationship between the Julian day of nesting season and concentration of 
circulating PRL for either sex (females, b = 0.008, P = 0.22; males, b = -0.002, P = 0.83) 
and did not explain a significant proportion of the variance for either females (Fig. 3, R2 
= 0.047) or males (R2 = 0.001). 
Results 
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Similar levels of circulating PRL for incubating males and females 
Uniparental care system with similar incubation patterns 
Equal parental responsibilities 
Consistent with species where both sexes incubate equally (Gratto-Trevor et al. 1990) 
No relationship between PRL and time 
High degree of parental care responsibility even after hatch 
Potentially a result of prolonged stressful conditions 
Further work: 
PRL during other stages of breeding season 
Relationship with testosterone 
Effects of age and environmental conditions 
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Figure 1. Standard curve of chicken 
prolactin concentrations produced by a 
commercial ELISA assay. 
Figure 3. Relationship between Julian day 
of breeding season (Day 1 = 23 May) and 
ln plasma prolactin concentration (ng/ml). 
Plasma samples were collected from 
incubating male and female Mountain 
Plovers (Charadrius montanus) in 2006, 
2007, and 2011 in Phillips Co., MT, U.S.A. 
 
 
1) Quantify circulating prolactin of incubating Mountain Plovers 
2) Model prolactin in relation to sex of the tending adult, year, day of incubation and Julian 
day of breeding season 
Objectives 
 
 
We examined circulating plasma prolactin (PRL) levels in incubating Mountain Plovers, a 
shorebird of conservation concern with an uncommon parental care system where males and 
females tend to separate nests. We modeled PRL related to the sex of the incubating bird and 
examined how it varied throughout incubation and the nesting season. PRL levels were 
similar for incubating male and female Mountain Plovers. The mean circulating plasma PRL 
concentration for incubating female plovers was 32.40 ng/ml (n = 33) and ranged from 7.33 
to 78.04 ng/ml. The mean for males was 29.36 ng/ml (n = 36) and there was greater 
variation in the samples with the lowest measured at 5.18 ng/ml and highest at 140.86 ng/ml. 
There was no relationship between day of incubation and the concentration of circulating 
PRL for either incubating female plovers or male plovers and day of incubation did not 
explain a significant proportion of the variance in PRL concentration for either sex (R2 = 
0.002 and 0.034 respectively). There was no relationship between the Julian day of nesting 
season and concentration of circulating PRL for either sex and day of season did not explain 
a significant proportion of the variance for either females (R2 = 0.047) or males (R2 = 
0.001). This study provides further information about the relationship between parental care 
and circulating PRL and the breeding biology of a shorebird of conservation concern. 
Abstract 
Figure 2. Relationship between day of 
incubation and ln plasma prolactin 
concentration (ng/ml). Plasma samples 
were collected from incubating male and 
female Mountain Plovers (Charadrius 
montanus) in 2006, 2007, and 2011 in 
Phillips Co., MT, U.S.A. 
